Reasons for performing study: Slow waves are rhythmic pacemaker currents generated by 16 the gastrointestinal pacemaker cells, the interstitial cells of Cajal, and represent the rate-17 limiting step for small intestinal smooth muscle contractions. Therefore, factors that affect 18 slow wave activity may also influence contractile activity. It is not known how temperature 19 changes may influence slow wave activity in the horse. This could be of relevance during 20 colic surgery if cooling of exposed intestine resulted in reduced slow wave activity potentially 21 exacerbating post-operative ileus. 22
Study Design: In vitro experimental study. 25
Methods: A segment of ileum was collected immediately following euthanasia from 9 horses, 26 euthanased for reasons unrelated to the gastrointestinal tract. Intracellular recordings of 27 membrane potentials were made from individual smooth muscle cells. The temperature of the 28 tissue bath was altered during the course of each experiment across a range of 27-41ºC. All 29 data were recorded and stored using a computer-interfaced acquisition system. A software 30 package was used to analyse slow waves frequency, duration, amplitude and resting 31 membrane potential. 32
Results: In all 9 horses, slow wave frequency was highly temperature sensitive and 33 approximately linearly related to the temperature over the range studied, increasing by 0.5 34 cycles/min for each one degree increase in temperature (p<0.001). The initial slow wave 35 frequency resumed when the temperature was returned to 37ºC. The recovery time appeared 36 to be directly related to the duration for which the temperature had been changed. 37
Conclusions: Slow wave frequency in the equine ileum is highly temperature sensitive. As 38 post-operative ileus is a major cause of morbidity and mortality in the horse, the negative 39
Introduction 44
Phasic contractions of intestinal smooth muscle cells are initiated and timed by pacemaker 45 currents generated by the interstitial cells of Cajal (ICC) [1] [2] [3] [4] . These continuously fluctuating 46 currents are conducted to smooth muscle cells through low resistance electrical junctions [5, 47 6] where they evoke similar membrane potential fluctuations (slow waves) [7] . If the slow 48 wave current exceeds an electrical threshold, voltage-dependent, dihydropyridine-sensitive 49
Accepted Article (L-type) Ca 2+ channels are activated resulting in calcium influx, an action potential and 50 consequent contraction of smooth muscle cells [8] . Various inputs, including neuronal, 51 mechanical and endocrine factors can condition the smooth muscle cell response to the ICC 52 currents to either facilitate or reduce the possibility of the electrical threshold for Ca 2+ channel 53 activation being reached [8] . However, it is the frequency of slow waves that will determine 54 the potential rate of intestinal smooth muscle contraction [4] . Factors that affect this activity 55 may therefore also influence the contractile activity of the intestinal tract. 56
57
The effect of temperature alterations on small intestinal in vitro slow wave activity has 58 previously been evaluated in laboratory animals [9] [10] [11] . It was concluded that this activity is 59 highly temperature-dependent, possibly due to reliance of cellular metabolic processes for its 60 generation [11] . The activity of membrane channels regulating ionic conductances and 61 thereby also membrane potential [12] may be one such process. 62
63
Hudson et al. [13] previously demonstrated and characterised slow wave activity in the equine 64 ileum using in vitro intracellular recording techniques under normal physiological 65 temperature conditions. However, the effect of temperature changes on this electrical activity 66 has not been previously assessed in the horse. This may be of some clinical relevance during 67 surgery where often lengthy general anaesthesia may result in mild to moderate hypothermia 68 of the horse [14] [15] . This may be further exacerbated if large volumes of intravenous fluids of 69 ambient temperature are administered concurrently [14] . Furthermore, separate studies in 70 experimental animals demonstrated that a significant amount of heat could be lost by 71 evaporation of moisture from exposed intestinal segments during open abdominal surgery 72 [16] [17] . If this cooling has a negative effect on slow wave activity, and consequent contractile 73 activity, this may increase the risk of the patient developing post-operative ileus. 74 reasonable to assume that this may also occur in the horse as has been previously 83 demonstrated in experimental animals (rabbits and piglets) [16] [17] . 84
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85
The purpose of this study was therefore to test the hypothesis that slow wave frequency would 86 be influenced by tissue temperature also in the horse. Furthermore, any changes on slow wave 87 morphology that may occur during this process would be evaluated. 
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Electrical activity consistent with slow waves was recorded from the longitudinal smooth 172 muscle layer of the ileum in all 9 horses. This activity was characterised by a fast depolarising 173 upstroke, a variable plateau phase and a slower repolarising phase returning to the RMP (Fig  174   1 ). The addition of TTX (1 μM) to the superfusion fluid in 2 horses had no effect on the on-175 going electrical activity indicating that this activity was non-neuronal in origin. 176
177
In total, 134 impalements were made in the 9 tissue sections over the temperature range 178 described. The slow wave frequency, duration, interval, amplitude as well as RMP were 179 assessed as part of this. The data for the mean, median and range of these parameters at 27°C, 180 37°C and 41°C are described in Table 1 . 181
182
In all 9 horses slow wave frequency was approximately linearly-related to the temperature 183 over the range studied increasing by 0.5 cycles/min for each one degree increase in 184 temperature (p<0.001) (R 2 = 0.95) (Fig 2) . The initial slow wave frequency resumed when the 185 temperature was returned to 37ºC. However, the time it took for the slow wave frequency to 186 return to the value it had been at the onset of the recording appeared subjectively to be 187 directly related to the period for which the temperature had been changed, although this time 188 period was not statistically evaluated due to variations in recording times. Similarly, although 189 the slow wave frequency progressively increased in parallel with the temperature, 190 subjectively, these rates were often not capable of being sustained for more than a few 191 minutes when at the top end of the temperature range before starting to drop again. 192
193
Slow wave duration and morphology also changed as the temperature was altered. This was 194 particularly evident at lower temperatures when both the plateau phase as well as the 195 repolarisation phase of the slow waves visually appeared to become markedly prolonged (Fig 196 Accepted although it has been proposed that this stimulates Ca 2+ uptake into adjacent mitochondria 230 which transiently reduces the Ca 2+ concentration in the space close to the plasma membrane 231
thereby increasing the open probability of a non-selective cation channel conductance [29] . 232
However, this theory has recently been challenged and a Ca 2+ activated chloride channel has 233 been proposed to be the initiating current [30] [31] . Regardless of the types of ion channel 234 involved, this conductance creates small inward-directed currents which activate T-type Ca This is also in agreement with the findings in earlier studies [9, 11] . Although the reason for 262 this is still not clear, it is perhaps somewhat surprising as one would expect the maintenance 263 of membrane potential to be a highly energy dependent process [12] . It is also unclear why 264 one horse in the study showed a strong association between temperature and slow wave 265 amplitude resulting in an overall statistically significant association. For all other horses there 266 was no significant change in amplitude which is also consistent with findings in previous 267 studies [9, 11, 25] The current study has demonstrated a negative effect on in vitro slow wave activity at 27°C 281 compared to 37°C. This may be of some clinical relevance during abdominal surgery where 282 often lengthy general anaesthesia may result in mild to moderate hypothermia of the horse 283
[15]. In humans, an association between hypothermia and development of POI and delayed 284 gastric emptying has been mentioned, although not critically assessed [39] [40] . This finding 285 may also be relevant with respect to equine surgical patients developing POI. Bearing in mind 286 that resection and anastomosis is a risk factor for the development of POI [22] , it is important 287 to acknowledge that the logistics of performing resection and anastomosis necessitate a longer 288 duration of anaesthesia and surgery, increased intestinal handling and also increased potential 289 for intestinal cooling; hence there could be a compounding of effects all exacerbating the 290 ileus. 291
292
Although not statistically assessed in the current study, it was the clear impression that the 293 longer the tissue was kept at 27°C, the longer it took for the initial slow wave frequency to 294 recover once the temperature was returned to 37°C. Again, this may be of relevance during 295 lengthy colic surgeries where significant cooling of intestinal segments during extra-296 Accepted Article abdominal exposure may occur as has been reported in experimental animals [16] [17] . This 297 cooling may also contribute to a generalised hypothermia of the animal during the 298 perioperative and immediate post-operative period [16] . Minimising extra-abdominal gut 299 exposure time, keeping exposed intestine covered, and keeping the temperature of the 300 intestinal and abdominal lavage fluids at body temperature during colic surgery may help 301 avoid this and therefore aid recovery of slow wave activity. 302
303
In contrast, slow wave frequency continued to increase at temperatures above 37°C. Although 304 unstable impalements prevented recording for prolonged periods at elevated temperatures, it 305 appeared that the tissue was unable to maintain increased slow wave frequencies for many 306 minutes before starting to drop again. Although the reason for this is not known, it is 307 reasonable to speculate that this may have been due to the cells being unable to maintain the 308 increased metabolic rate under these experimental conditions. This may also indicate that it is 309 not necessarily beneficial to artificially create elevated intestinal temperature during surgery. 310
311
In the current study mid-ileum rather than jejunum was evaluated. The reason for this is that 312 mid-ileum is easily identified and may therefore be harvested with minimal handling which is 313 important. Also, due to the increased thickness of its muscle layers technically it is easier to 314 prepare prior to recording compared to jejunum. As this group has previously established 315 standard methodologies of intracellular microelectrode recordings using equine ileum these 316 methods stand as a platform for comparison [13] . Although POI often involves jejunum, the 317 authors consider that it is acceptable to use the ileum as a model when demonstrating a basic 318 physiological response even if the inherent slow wave frequency is likely to be lower here 319 than in the jejunum [28] . 320
321
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Similarly, the reason for only evaluating the longitudinal muscle was based on previous 322 experience and studies in this research group in which it has been reported that slow wave 323 activity is more readily recorded here than in the circular muscle layer [13] . As it was aimed 324 to keep the recording session as short as we could in order to try and avoid any possible effect 325 that prolonged time may have on slow wave activity it was decided to only use the 326 longitudinal muscle layer. In theory the slow wave, and therefore contractile, activity could be 327 differently affected in the inner circular muscle layer. However, the authors considered this 328 unlikely as it was felt that the influence of temperature on the basic metabolic process were 329 likely to be the same in both muscle layers. The authors therefore think that only recording 330 from the outer longitudinal muscle layer was likely to be representative for the full thickness 331 intestinal segment. 332
333
In summary, the current study has demonstrated that in vitro slow wave activity in the equine 334 ileum is highly temperature dependent. This may help improve our understanding of the basic 335 physiological processes that are involved in generating and maintaining normal intestinal 336 motility patterns in the horse and the factors that may influence these. 337 338
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All samples were collected with owners' consent. illustrating the slow wave patterns consisting of a fast depolarising upstroke, a variable 542 plateau phase and a slower repolarising phase returning to the resting membrane potential. 543
The slow wave frequency is clearly slower at the lower temperature and the slow waves have 544 both longer durations as well as longer interval between cycles than at 37°C. This is even 545 more evident when compared to the recordings at 41°C. Accepted Article
